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(57) ABSTRACT 

This invention discloses a real-time phased array 3D acoustic 
imaging Sonar processing system and method. The system 
comprises a 3D Sonardot data collection module, a 3D Sonar 
dot data uploading module and a real-time 3D Sonardot data 
processing module of PC terminal; the method includes the 
following content: make use of two-stage FPGA signal pro 
cessing to realize real-time formation of electronic focusing 
wave beam, and acquire 3D Sonar dot data; further transmit 
3D Sonardot data to PC terminal for setting and acquisition of 
directives; PC terminal aims to receive 3D sonar dot data for 
real-time processing: This includes real-time single-frame 
multilayer reconstruction, image registration and splice, 3D 
visualization and real-time saving of data. This invention 
features in compact structure, high real-time precision, clear 
image, easy alternation and high extendibility, which has 
effectively realized the real-time 3D processing of sonar tar 
getS. 
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1. 

REAL-TIME PROCESSING SYSTEMAND 
METHOD FOR PHASED ARRAY 

THREE-DIMIENSIONALACOUSTICS IMAGE 
PCKUP SONAR 

FIELD OF THE INVENTION 

This invention belongs to the field of phased array 3D 
acoustic imaging Sonar, which is particularly related to a 
real-time phased array 3D acoustic imaging Sonar processing 
system and method. 

BACKGROUND OF THE INVENTION 

With development of Science and technologies, people 
have increasingly focused their attentions on the ocean owing 
to its important strategic position and indefinite economic 
potential. Meanwhile, people's recognition of the ocean has 
also further deepened. As transmission of Sonic wave is rela 
tively easy in the water, hydroacoustic acoustic detection has 
been extensively applied to the development of ocean 
resources. Hydroacoustic imaging technology has become an 
important approach for large-scale underwater detection. 

So far, many imaging Sonar detection technologies (such as 
scanning Sonar and multibeam bathmatric Sonar) have come 
into being continuously. Normally, such Sonar equipments 
have resolution capability in the direction of distance and 
angle. To adapt to underwater operation of various Sonar 
detection instruments, it is usually necessary to obtain 3D 
information on distance, angle and depth and resolution capa 
bility. As a 3D imaging Sonar, phased array 3D acoustic 
imaging Sonar can obtain target information on distance as 
well as horizontal and vertical 3D space, which features in 
clear image and real-time processing. However, owing to 
difficulty with its technical development, study of underwater 
3D imaging system is only limited to few countries in the 
world. Presently, Echoscope 1600 sonar series as developed 
by Norway is the relatively advanced 3D imaging sonar in the 
world. It is available for reconstruction of targets in the 3D 
environment and extraction of 3D coordinate (X, Y and Z) in 
the space in addition to imaging of one certain moving target. 
Therefore, study of real-time phased array 3D acoustic imag 
ing Sonar processing system has important and practical engi 
neering value and significance of theoretical guidance. 

SUMMARY OF THE INVENTION 

This invention provides a real-time phased array 3D acous 
tic imaging Sonar processing system and method, featuring in 
simple structure, high real-time precision, clear image, easy 
alternation, high extendibility and realization of effective 3D 
real-time processing of Sonar targets. 
A real-time phased array 3D acoustic imaging Sonar pro 

cessing System, including: 
(1) A 3D Sonar dot data collection module, comprising a 
FPGA (Field Programmable Gate Array) based main signal 
processor and numerous FPGA based Subsidiary signal pro 
cessors, which is used to obtain 3D Sonar dot data through 
FPGA based two-stage signal processing: wherein, the FPGA 
based subsidiary signal processor aims to regulate echo Sig 
nals received, and transmit them to FPGA of subsidiary signal 
processor for signal processing following synchronous A/D 
sampling; the FPGA based main signal processor aims to 
receive serial data from Subsidiary signal processor before 
integration of data from each channel. 
(2) A3D Sonardot data uploading module, comprising inter 
faced FPGA and built-in processor, which is used to read and 
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2 
transmit 3D sonardot data as collected by the 3D sonardot 
data collection module to PC terminals through gigabit Eth 
ernet, and realize synchronization of clock as well as acqui 
sition and setting of directives; 
(3) A real-time 3D Sonardot data processing module located 
inside the PC terminal, comprising a real-time single-frame 
multilayer reconstruction module, an image registration 
module, an image splice module, a 3D visualized module and 
a real-time memory module, wherein, 
The real-time single-frame multilayer reconstruction module 
is used to receive transmitted 3D Sonar dot data from the 3D 
Sonar dot data uploading module for resolution, and deter 
mine scanning beam where the 3D Sonardot is located as well 
as layer information and information on reflection intensity; 
all dots on each scanning beam are sorted on the Sonar scan 
ning beam array of the system as per layer sequence; single 
frame multilayer reconstruction is executed based on this data 
structure through grid searching and connection of triangular 
patch; 
The image registration module is used to acquire information 
on displacement and attitude of single-frame Sonar data 
image from GPS and attitude instrument, and transfer Sonar 
dots on each frame to the same preset world coordinate sys 
tem; it is also used for registration of Sonar data images of two 
adjacent frames, commencing from Sonar data image of the 
second frame so as to correct deviation to displacement and 
attitude information: Determine overlapped area on the Sonar 
data images of the two adjacent frames; acquire point set of 
Sonar data images on the two adjacent frame within the over 
lapped area; project Sonar data image of previous frame to the 
Sonar data image of the follow-up frame by means of reverse 
projection, and realize pairing of all dots on the point set of 
Sonar data image of the two adjacent frames within the over 
lapped area through searching of the nearest dots; meanwhile, 
it also aims to acquire registration matrix for the Sonar data 
image of previous frame, and proceed with coordinate 
Switchover for the point set of Sonar data image of previous 
frame within the overlapped area; 
The image splice module is used to integrate Sonar data 

image of each frame to overall image through splice after 
coordinate switchover: Make use of referred grid to realize 
rasterization of Sonar data image of previous and follow-up 
frames after coordinate switchover so as to obtain the cross 
point; integrate Sonar data images of two frames to obtain 
unanimous grid data as per threshold value after deletion of 
high-frequency components; finally, obtain real-time overall 
3D splice effect image through secondary reconstruction; 
The 3D visualized module is used for real-time display of 

Sonar data image of each frame on UI interface (User Inter 
face) of the PC terminal in the form of 3D graph after sec 
ondary multilayer reconstruction. The system is available for 
simultaneous display of visual angle along axis X,Y and Z of 
single-frame Sonar data image. Meanwhile, multi-frame 
splice effect is displayed in the form of 3D graph, commenc 
ing from the second frame. All 3D displays can Support rota 
tion, horizontal shift and Zooming of 3D images and three 
graphic display forms presented by dot, grid and patch. It is 
applicable to make use of UI interface of PC terminal to 
realize real-time modification of relationship between inten 
sity value of Sonar dot and color of graphic display so as to 
obtain relation with intensity value of sonardot as provided 
by graph color more intuitively. Moreover, single-frame 3D 
display can Support dot selection with mouse to realize real 
time acquisition of information on position and intensity 
value of certain dot on the 3D graph with the help of mouse. 
The real-time memory module is used to store Sonar data 

image of each frame on the local HD to facilitate further 
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off-line review and processing. UI interface of PC terminal is 
available for setting of file saving path; whereas the system 
can store the same batch of Sonar data in the file as nominated 
as per current system time through acquisition of current 
system time. Accompanied by the simultaneous saving of 
information on displacement and attitude of previous frame, 
sonar data in the same file will be saved as per the time 
Sequence. 
A real-time phased array 3D Sonar acoustic imaging Sonar 

processing method, comprising: 
(1) Acquire3D sonardot data through FPGA based two-stage 
signal processing: 
(2) Read and upload the 3D sonardot data for further trans 
mission to the PC terminal through gigabit ethernet, and 
realize synchronization of clock as well as acquisition and 
setting of directives; 
(3) Proceed with real-time processing of 3D sonar dot data, 
including: 

Real-time single-frame multilayer reconstruction steps: 
receiving 3D sonardot data as transmitted from Step (2) for 
resolution so as to determine the scanning beam where 3D 
Sonardot is located as well as layer information and informa 
tion on reflection intensity; all dots on each scanning beam are 
Sorted on the Sonar Scanning beam array of the system accord 
ing to layer sequence; single-frame multilayer reconstruction 
is executed based on this data structure through grid searching 
and connection of triangular patch; 

Image registration steps: Acquire information on displace 
ment and attitude of single-frame Sonar data image from GPS 
and attitude instrument, and transfersonardots on each frame 
to the same preset world coordinate system; it is also used for 
registration of sonar data images of two adjacent frames, 
commencing from Sonar data image of the second frame so as 
to correct deviation to displacement and attitude information: 
Determine overlapped area on the Sonar data images of the 
two adjacent frames; acquire point set of Sonar data images on 
the two adjacent frame within the overlapped area; project 
Sonar data image of previous frame to the Sonar data image of 
the follow-up frame by means of reverse projection, and 
realize pairing of all dots on the point set of Sonar data image 
of the two adjacent frames within the overlapped area through 
searching of the nearest dots; meanwhile, it also aims to 
acquire registration matrix for the Sonar data image of previ 
ous frame, and proceed with coordinate switchover for the 
point set of Sonar data image of previous frame within the 
overlapped area according to the registration matrix. 

Image splice steps: Integrate Sonar data image of each 
frame to overall image through splice after coordinate 
switchover: Make use of referred grid to realize rasterization 
of Sonar data image of previous and follow-up frames after 
coordinate Switchover so as to obtain the cross point; inte 
grate Sonar data images of two frames to obtain unanimous 
grid data as per threshold value after deletion of high-fre 
quency components; finally, obtain real-time overall 3D 
splice effect image through secondary reconstruction; 
3D visualization steps: It aims to realize real-time display 

of Sonar data image of each frame on UI interface of the PC 
terminal in the form of 3D graph after secondary multilayer 
reconstruction. The system is available for simultaneous dis 
play of visual angle along axis X, Y and Z of single-frame 
Sonar data image. Meanwhile, multi-frame splice effect is to 
be displayed in the form of 3D graph, commencing from the 
second frame. All 3D displays can Support rotation, horizon 
tal shift and Zooming of 3D images and three graphic display 
forms presented by dot, grid and patch. It is applicable to 
make use of UI interface of PC terminal to realize real-time 
modification of relationship between intensity value of sonar 
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4 
dot and color of graphic display So as to obtain relation with 
intensity value of Sonar dot as provided by graph color more 
intuitively. Moreover, single-frame 3D display can support 
dot selection with mouse to realize real-time acquisition of 
information on position and intensity value of certain dot on 
the 3D graph with the help of mouse. 

Real-time saving steps: Save Sonar data image of each 
frame on the local HD to facilitate further off-line review and 
processing. UI interface of PC terminal is available for setting 
of file saving path; whereas the system can store the same 
batch of Sonar data in the file as nominated as per current 
system time through acquisition of current system time. 
Accompanied by the simultaneous saving of information on 
displacement and attitude of previous frame, Sonar data in the 
same file will be saved as per the time sequence. 
As compared with present art, this invention is provided 

with the following beneficial technical effects: 
Built-in processor works in the built-in Linux operation sys 
tem to realize transmission of data as uploaded by FPGA in 
the kernel mode, which can minimize system call and over 
head of data copies, effectively improve network transmis 
sion bandwidth, and satisfy requirements for high real-time 
processing by real-time processing system. 
Image registration is in the mode of reverse projection, which 
can quickly and effectively realize registration of data in the 
two adjacent frames while ensuring the real-time processing 
and accuracy. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is the structural diagram for the real-time phased 
array 3D acoustic imaging Sonar processing system of this 
invention. 

PREFERRED EMBODIMENTS 

This invention is described in details as follows in combi 
nation with embodiments and drawings. However, this inven 
tion is not limited to Such aspects. 
A real-time phased array 3D acoustic imaging Sonar process 
ing system as shown in FIG. 1, including: 

(1) A3D Sonardot data collection module 100, comprising: 
an FPGA based main signal processor 110 and a plurality of 
FPGA based subsidiary signal processors 120, which make 
use of two-stage FPGA signal processing to ensure real-time 
formation of electronic focusing wave beam based on signals 
from 48x48 sensors So as to acquire 3D Sonar dot data; 
wherein, the Subsidiary signal processors 120 aims to proceed 
with signal regulation and TVG control of echo signals 121, 
and send them to FPGA unit 123 of subsidiary signal proces 
sor for signal processing following A/D sampling 122; FPGA 
unit 111 of main signal processor 110 aims to receive serial 
data from each subsidiary signal processor 120 before inte 
gration of data from each channel. 

(2) A 3D sonardot data uploading module 200, compris 
ing: an interfacing FPGA unit 201 and a built-in processor 
202; the FPGA unit 201 aims to receive 3D sonardot data as 
transmitted by the 3D sonardot data collection module 100: 
whereas the built-in processor 202 aims to acquire 3D sonar 
dot data from interfacing FPGA unit 201 through local bus for 
further transmission to PC host controller via gigabit Ether 
net. Meanwhile, it can also realize synchronization of clock, 
TVG setting as well as acquisition and setting of directives. 

(3) A real-time 3D sonar dot data processing module 300 
located inside the PC host controller, including a single-frame 
multilayer reconstruction module 301, an image registration 
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module 302, an image splice module 303, a 3D visualized 
module 304 and a real-time memory module 305; wherein: 
the real-time single-frame multilayer reconstruction module 
301 is used to receive transmitted 3D sonardot data from 3D 
sonar dot data uploading module 200 for resolution, and 
determine Scanning beam where the 3D Sonardotis located as 
well as layer information and information on reflection inten 
sity; all dots on each scanning beam are sorted on the Sonar 
scanning beam array of the system as per layer sequence; 
single-frame multilayer reconstruction is executed based on 
this data structure through grid searching and connection of 
triangular patch; 

The image registration module 302 is used to acquire infor 
mation on displacement and attitude of single-frame Sonar 
data image from GPS and attitude instrument, and transfers 
Sonardots on each frame to the same preset world coordinate 
system. It is also used for registration of Sonar data images of 
two adjacent frames, commencing from Sonar data image of 
the second frame so as to correct deviation to displacement 
and attitude information: Determine overlapped area on the 
Sonar data images of the two adjacent frames; acquire point 
set of Sonar data images on the two adjacent frame within the 
overlapped area; project Sonar data image of previous frame 
to the Sonar data image of the follow-up frame by means of 
reverse projection, and realize pairing of all dots on the point 
set of Sonar data image of the two adjacent frames within the 
overlapped area through searching of the nearest dots. Mean 
while, it also aims to acquire registration matrix for the Sonar 
data image of previous frame, and proceed with coordinate 
Switchover for the point set of Sonar data image of previous 
frame within the overlapped area; 
The image splice module 303 is used to integrate sonardata 

image of each frame to overall image through splice after 
coordinate switchover: Make use of referred grid to realize 
rasterization of Sonar data image of previous and follow-up 
frames after coordinate switchover so as to obtain the cross 
point; integrate Sonar data images of two frames to obtain 
unanimous grid data according to threshold value after dele 
tion of high-frequency components; finally, obtain real-time 
overall 3D splice effect image through secondary reconstruc 
tion. 

The 3D visualized module 304 is used for real-time display 
of Sonar data image of each frame on UI interface of the PC 
terminal in the form of 3D graph after secondary multilayer 
reconstruction. The system is available for simultaneous dis 
play of visual angle along axis X, Y and Z of single-frame 
Sonar data image. Meanwhile, the multi-frame splice effect is 
to be displayed in the form of 3D graph, commencing from 
the second frame. All 3D displays can Support rotation, hori 
Zontal shift and Zooming of 3D images and three graphic 
display forms presented by dot, grid and patch. It is applicable 
to make use of UI interface of PC terminal to realize real-time 
modification of relationship between intensity value of sonar 
dot and color of graphic display So as to obtain relation with 
intensity value of Sonar dot as provided by graph color more 
intuitively. Moreover, single-frame 3D display can support 
dot selection with mouse to realize real-time acquisition of 
information on position and intensity value of certain dot on 
the 3D graph with the help of mouse. 

The real-time memory module 305 is used to store sonar 
data image of each frame on the local HD to facilitate further 
off-line review and processing. UI interface of PC terminal is 
available for setting of file saving path; whereas the system 
can store the same batch of Sonar data in the file as nominated 
as per current system time through acquisition of current 
system time. Accompanied by the simultaneous saving of 
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6 
information on displacement and attitude of previous frame, 
sonar data in the same file will be saved as per the time 
Sequence. 
A real-time phased array 3D Sonar acoustic imaging Sonar 

processing method, including: 
(1) a 3D sonardot data collection module 100 aims to realize 
real-time formation of electronic focusing wave beam 
through signal processing with two-stage FPGA, and acquire 
3D sonar dot data; 
(2) A3D Sonardot data uploading module 200 aims to acquire 
real-time data from an interfacing FPGA unit 201 through 
local bus for further transmission to real-time 3D sonar pro 
cessing module 300 of PC host controller via gigabitethernet; 
meanwhile, the 3D sonardot data uploading module 200 can 
realize synchronization of clock, TVG setting as well as 
acquisition and setting of directives. 
(3) A real-time sonar processing module 300 of PC host 
controller aims to realize real-time processing of Sonar data 
after receiving of uploaded data, including: Make use of a 
real-time single-frame multilayer reconstruction module 301 
to realize a real-time single-frame multilayer reconstruction; 
make use of an image registration module 302 to realize 
image registration; make use of an image splice module 303 
to realize image splice; make use of 3D visualized module 
304 to realize 3D visualization; and make use of a real-time 
saving module 305 to proceed with real-time saving of data. 
The invention claimed is: 
1. A real-time phased array 3D acoustic imaging Sonar 

processing System, comprising: 
(1) a 3D Sonar dot data collection module, comprising an 

Field Programmable Gate Array based main signal pro 
cessor and a plurality of Field Programmable Gate Array 
based subsidiary signal processors; wherein the 3D 
Sonardot data collection module is used to obtain the 3D 
sonardot data through a Field Programmable Gate Array 
based two-stage signal processing: 

(2) a 3D Sonar dot data uploading module, comprising an 
interfaced Field Programmable Gate Array and built-in 
processor, wherein the 3D Sonar dot data uploading 
module is used to read and transmit the 3D sonardot data 
as collected by the 3D sonar dot data collection module 
to PC terminals through a gigabit Ethernet, and realize 
synchronization of clock, acquisition and setting of 
directives; 

(3) a real-time 3D Sonar dot data processing module 
located inside the PC terminal, comprising a real-time 
single-frame multilayer reconstruction module, an 
image registration module, an image splice module, a 
3D visualized module and a real-time memory module: 

wherein, 
the real-time single-frame multilayer reconstruction mod 

ule is used to receive the transmitted 3D sonar dot data 
from the 3D sonardot data uploading module for reso 
lution, and determine a scanning beam where the 3D 
Sonar dot, a layer information and an information on 
reflection intensity are located; all dots on each scanning 
beam are sorted on a Sonar Scanning beam array of the 
system as per a layer sequence; a single-frame multi 
layer reconstruction is executed based on a data structure 
through a grid search and connection of a triangular 
patch; 

the image registration module is used to acquire informa 
tion on displacement and attitude of the single-frame 
Sonar data image from a GPS and an attitude instrument, 
and transfer the Sonar dots on each frame to a preset 
world coordinate system; wherein the image registration 
module is used for the registration of Sonar data images 
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of two adjacent frames, commencing from sonar data 
image of a second frame to correct deviation to displace 
ment and attitude information: determining an over 
lapped area on the Sonar data images of the two adjacent 
frames; acquiring point set of Sonar data images on the 
two adjacent frame within the overlapped area; project 
ing Sonar data image of a previous frame to the sonar 
data image of the follow-up frame by means of reverse 
projection, and realizing pairing of all dots on the point 
set of the Sonar data image of the two adjacent frames 
within the overlapped area through searching of the 
nearest dots; the image registration module acquires 
registration a matrix for the sonar data image of the 
previous frame, and proceeds with a coordinate switcho 
Ver for the point set of sonar data image of the previous 
frame within the overlapped area; 

the image splice module is used to integrate sonar data 
image of each frame into an overall image through splic 
ing after the coordinate switchover: making use of a 
referred grid to realize a rasterization of the sonar data 
image of the previous and follow-up frames after the 
coordinate Switchover so as to obtain a cross point; 
integrating Sonar data images of two frames to obtain a 
unanimous grid data according to a threshold value after 
a deletion of high-frequency components; obtaining 
real-time overall 3D splice effect image through a sec 
ondary reconstruction; 

the 3D visualized module is used for real-time display of 
Sonardata image of each frame on a User Interface of the 
PC terminal in the form of a 3D graph after a secondary 
multilayer reconstruction; 

the real-time memory module is used to store sonar data 
image of each frame on a local Hard Drive to facilitate 
further off-line review and processing. 

2. A real-time phased array 3D sonar acoustic imaging 
Sonar processing method, characterized in that: 

(1) acquiring 3D sonar dot data through Field Program 
mable Gate Array based two-stage signal processing: 

(2) reading and uploading the 3D sonardot data for further 
transmission to PC terminals through a gigabit Ethernet, 
and realizing synchronization of clock, acquisition and 
setting of directives; 

(3) real-time processing of 3D Sonardot data, comprising: 
real-time single-frame multilayer reconstruction steps: 
receiving the 3D sonardotdata as transmitted from Step (2) 

for resolution to determine a scanning beam where the 
3D Sonardot, a layer information and an information on 
reflection intensity is located; wherein the 3D sonardot 
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data on the scanning beam are sorted on a sonar scanning 
beam array of the system according to layer sequence; 
the single-frame multilayer reconstruction is executed 
based on a data structure through a grid search and 
connection of a triangular patch; 

image registration steps comprising: acquiring informa 
tion on displacement and attitude of the single-frame 
Sonar data image from a GPS and an attitude instrument, 
and transfer the Sonar dots on each frame to a preset 
World coordinate system; wherein the image registration 
module is used for registration of Sonar data images of 
two adjacent frames, commencing from sonar data 
image of the second frame to correct deviation to dis 
placement and attitude information: determining an 
overlapped area on the sonar data images of the two 
adjacent frames; acquire point set of sonar data images 
on the two adjacent frame within the overlapped area; 
projecting Sonar data image of a previous frame to the 
Sonar data image of the follow-up frame by means of 
reverse projection, and realizing pairing of all dots on the 
point set of Sonar data image of the two adjacent frames 
within the overlapped area through searching of the 
nearest dots; the image registration module acquires a 
registration matrix for the Sonar data image of the pre 
vious frame, and proceeds with a coordinate switchover 
for the point set of sonar data image of the previous 
frame within the overlapped area according to the said 
registration matrix: 

image splice steps comprising: integrating Sonar data 
image of each frame to an overall image through splicing 
after the coordinate Switchover: making use of a referred 
grid to realize a rasterization of the sonar data image of 
the previous and follow-up frames after the coordinate 
Switchover so as to obtain a cross point; integrating 
Sonar data images of two frames to obtain a unanimous 
grid data as per a threshold value after a deletion of 
high-frequency components; obtaining real-time overall 
3D splice effect image through a secondary reconstruc 
tion; 

3D visualized step comprising: areal-time display of sonar 
data image of each frame on a User Interface of the PC 
terminal in the form of a 3D graph after a secondary 
multilayer reconstruction; 

a real-time memory step, used to store sonar data image of 
each frame on a local Hard Drive to facilitate further off-line 
review and processing. 


